To estimate the occurrence of and associations between upper respiratory tract infections in preschool children, and to assess constitutional and environmental factors as determinants of these infections.
recurrent acute otitis media (Ն4 episodes in any 12-month period) was 12.7% (n = 473). Bivariate correlations showed small-to-moderate relationships between the infections. Common cold was only weakly related to otitis media, tonsillopharyngitis, and chronic rhinitis. The probability for developing acute otitis media was almost 4-fold increased in children who had tonsillopharyngitis in the last year (adjusted odds ratio=4.19; 95% confidence interval, 3.09-5.66). In logistic regression analysis, atopic disease was a strong determinant of all upper respiratory tract infections. Low birth weight increased the risk of acute otitis media. Day care attendance and the presence of siblings, which were considered to be indicators of exposure to respiratory pathogens, increased the risk of upper respiratory tract infections.
Conclusions:
In preschool children, acute otitis media, tonsillopharyngitis, and common cold were quite common, while chronic rhinitis was less prevalent and strongly associated with atopic disease. Attendance at day care centers increased the risk of upper respiratory tract infections in this age group, although the effect was weaker than that in younger children. Surg. 2000; 126:1201 -1206 M OST UPPER respiratory tract infections are viral. 1 Generally, viral infections are associated with little morbidity but predispose a child to complications, such as otitis media, tonsillitis, and sinusitis, that further contribute to morbidity. [2] [3] [4] [5] [6] Risk factors for acute otitis media and other upper respiratory tract infections in children up to age 2 years are well documented. 2, [7] [8] [9] There is evidence that attendance at day care centers is an important contributing factor during the first years of life. 4, 10, 11 It has been suggested that the number of contacts with other children is proportional to the effect, probably due to increased exposure to respiratory pathogens. 8, 12 While the presence of siblings and a family history clearly are risk factors for otitis media, there is disagreement about the significance of breastfeeding and parental smoking, 4,6,9,13,14 most likely because the effects are small and difficult to assess because of the length of time between the risk exposure and subsequent morbidity. Furthermore, such effects are likely to be attributable to sociodemographic differences. 13 In older children, less is known about risk factors and the distribution of upper respiratory tract infections. With the maturation of the immune system and the development of the nasopharynx and eustachian tube, these factors become cor-ORIGINAL ARTICLE respondingly less evident. For instance, although day care attendance is a risk factor for upper respiratory tract symptoms in all preschool children, the association is stronger in those who enter day care at an earlier age. 15 Furthermore, even though a subsequent reduction in these infections has been shown with age, 16, 17 antibiotics are prescribed more often for children aged 5 to 11 years than for younger children. 18 In fact, prescriptions for colds and upper respiratory tract infections that do not respond to antibiotics represent a substantial proportion of the total antibiotic prescription in children. 18 Because of the growing concern about the spread of antibioticresistant bacteria associated with such practice, 18 data are needed on the percentage of children with common cold who subsequently are diagnosed with otitis media or tonsillitis. Thus, population-based estimates on upper respiratory morbidity may provide valuable information about the comorbidity of respiratory tract infections.
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The present study evaluated the risk factors for upper respiratory tract infections in preschool children. With cross-sectional data on 4-year-old children, we first examined the distribution of acute otitis media, tonsillopharyngitis, common cold, and rhinitis during the last month and the last year. We then studied associated morbidity between common cold, rhinitis, and subsequent otitis media or tonsillopharyngitis. Finally, we estimated risk factors for recurrent upper respiratory tract infections still present in children at age 4 years.
RESULTS

STUDY POPULATION
The child and family characteristics are shown in Table  1 . Most children belonged to 2-parent families (83.1%), had siblings (74.2%), and had parents with more than 12 years' education. Among all children, 12.0% had physician-diagnosed lifetime asthma, allergic conjunctivitis, or rhinitis. For day care, 10.2% of the children were cared for at home, 2.0% in other private homes, 79.5% in day care centers, and 8.1% in combined day care arrangements. On average, the children in day care centers had parents with better education, fewer siblings, and an increased proportion of single parenthood. 15 Most (87%) of the children attending the centers spent more
PARTICIPANTS AND METHODS
STUDY POPULATION AND DATA COLLECTION
The study population included children born in Oslo, Norway, a city of approximately 500000 inhabitants, in 1992. There were 4863 children with at least 1 Norwegian parent and an available address from the National Census Registry who were eligible for the study. Self-administered questionnaires were mailed to the parents during November and December 1996, when the children were between the age of 4 and 5 years. The questionnaires included questions about family characteristics, health outcomes, and details on day care arrangements and environmental exposures. The response rate was 79.2%, with 3853 families returning the questionnaires. The exclusion of 99 children, 98 of whom had been enrolled in day care due to longstanding illness, left 3754 children for the present analysis. The study population is more thoroughly described by Nafstad et al.
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OUTCOME MEASURES, EXPOSURE ASSESSMENT, AND DETERMINANTS
The main outcomes of interest were upper respiratory tract infections during the previous month and 12 months, including acute otitis media, tonsillopharyngitis, common cold, and chronic rhinitis. Chronic rhinitis was defined as daily or weekly nasal secretion without coexistent common cold. Acute otitis media and tonsillopharyngitis during the last year were defined as more than 1 infection during the last 12 months; yearly common colds were defined as more than 2 colds during the last year. Lifetime recurrent acute otitis media was defined as 4 or more episodes during any 12-month period.
The determinants of interest were constitutional factors, such as sex, birth weight, and atopic disease; environmental exposures, such as parental smoking, number of siblings, and type of day care (as proximate exposures to infectious agents); and parental education, as an indicator of socioeconomic status. This article mainly focused on current day care arrangements, divided into 3 categories: home care (at home with mother or father, at home with a nursing assistant, or at home but attending organized playgrounds with other children); family day care (in a family or private nursery outside the home); and day care center (owned by the municipality or privately owned). For this study, atopic disease was defined as any experience of physician-diagnosed asthma, allergic conjunctivitis, or rhinitis. The determinants and their distributions are listed in Table 1 .
STATISTICAL METHODS
Prevalence was used as the main measure of disease occurrence. Pearson correlation coefficients were calculated to assess the association between infections. Odds ratios (ORs) were used as a measure of association between the health outcomes and their hypothesized determinants. Logistic regression analysis was applied for the adjustment of ORs. We also estimated risk ratios using the corrections suggested by Zhang and Yu. 19 Based on a previous model, 3 determinants (sex, exposure to environmental tobacco smoke, and maternal education) were included in all analyses. The other determinants were included if their inclusion had an impact on the accuracy and precision of the estimate of the studied relation. When the outcome is common, the adjusted OR overestimates the risk ratio when it is greater than 1 and underestimates it when it is less than 1. Missing values in the determinants were given a separate value, and the analyses were performed with and without missing data. Both approaches gave similar results, and only the results of models including strata with missing values are presented. Commercially available software (SPSS version 8.0; SPSS Inc, Chicago, Ill) was used for all statistical analyses.
(REPRINTED) ARCH OTOLARYNGOL HEAD NECK SURG/ VOL 126, OCT 2000 WWW.ARCHOTO.COMthan 25 hours a week in day care, and 57% were in an arrangement with more than 16 children. 15 In 8.6% of the children, middle ear or pharyngeal surgery had been performed by the time of the study.
OCCURRENCE OF UPPER RESPIRATORY TRACT INFECTIONS
A total of 58.3% of the children experienced at least 1 episode of common cold during the last month, and 16.4% had symptoms of rhinitis ( Table 2) . For acute otitis media and tonsillopharyngitis, the corresponding figures were 7.1% and 7.5%, respectively. In the last 12 months, 9.5% of the children had experienced more than 1 episode of acute otitis media, 6.9% had had more than 1 bout of tonsillopharyngitis, 47.7% had contracted more than 2 common colds, and 3.2% had had symptoms of rhinitis weekly or monthly. The lifetime prevalence of recurrent acute otitis media (Ն4 episodes in any 12-month period) was 12.7% (n=473).
INFECTIOUS COMORBIDITY
The bivariate associations between acute otitis media, tonsillopharyngitis, common cold, and chronic rhinitis during the last year are presented as Pearson correlations in Table 3 . The magnitude of the interrelationships ranged from 0.034 to 0.178. Pearson correlations between common cold and otitis media and tonsillopharyngitis were 0.139 and 0.105, respectively. In Table 4 , the prevalence and adjusted ORs for children having acute otitis media and tonsillopharyngitis by the presence of other upper respiratory tract infections are shown. For children who had more than 1 otitis media episode during the last year, the adjusted OR was 4.19 (95% confidence interval, 3.09-5.66).
DETERMINANTS OF UPPER RESPIRATORY TRACT INFECTIONS AT AGE 4 YEARS
Atopic disease was a strong determinant of all upper respiratory tract infections, with adjusted ORs ranging from 1.64 to 3.29 ( Table 5) . Low birth weight increased the risk of acute otitis media. Day care attendance and the presence of siblings, which were considered to be indicators of exposure to respiratory pathogens, increased the risk of upper respiratory tract infections.
COMMENT
Although acute otitis media, tonsillopharyngitis, and colds are common disorders among preschool children, common cold was only weakly correlated to otitis media and tonsillopharyngitis. Atopy and day care attendance were strong determinants of respiratory tract infections, although the effect of day care was weaker than that in younger children. The incidence of otitis media declines after the first year of life. Compared with the 25% prevalence reported for the first year of childhood, 8 our findings are in accordance with the literature. The occurrence of otitis media and tonsillopharyngitis in approximately 10% of the study population confirms that these are common diseases in pediatric clinical practice. 21 Correspondingly, almost 50% of the children had more than 2 colds during the last year. The frequency similarity in our study between infections during the last month and recurrent infections during the last year reflects the seasonal occurrence of respiratory tract infections in winter, when our data were collected. Experimental studies have shown that many individuals with upper respiratory tract infections are unaware of the infection and experience no clinical symptoms despite the presence of virus. 22 Some authors claim that epidemiological studies that rely on clinical symptoms in the definition of the infection are significantly biased because they underestimate the true frequency of infected individuals in the population. 22 Nevertheless, the population-based estimates of disease frequency obtained from surveys do provide the clinician with background information that is useful in treating and following up patients.
There is growing concern about the spread of antibiotic-resistant bacteria, and efforts have been made to reduce the unnecessary use of antibiotics. A study of 531 pediatric office visits recently documented that antibiotics are prescribed to almost half the children presenting with upper respiratory tract infections. 18 Furthermore, the researchers found that antibiotics were prescribed more often for children aged 5 to 11 years than for children aged 0 to 4 years. In a study of younger children, the frequency of complications to viral upper respiratory tract infections, such as otitis media, tonsillopharyngitis, and sinusitis, was estimated to be no higher than 30%.
1 Correspondingly, although our study found a significant relationship between otitis media and tonsillopharyngitis, suggesting that even at age 4 years a few children are particularly susceptible to upper respiratory tract infections, we found only a weak relationship between common cold and otitis media and tonsillopharyngitis. Thus, our findings suggest that protracted upper respiratory tract infections do not warrant antibiotic prescription unless careful clinical examination and culture results indicate bacterial infection. 18, 21 Few studies have assessed risk factors for upper respiratory tract infections in older children. 15 Such risk factors become less evident with age, with the immune system maturation, nasopharyngeal and eustachian tube development, and a subsequent reduction in the incidence of acute otitis media. 9, 16 The effect of day care attendance on susceptibility to otitis media and common cold found in our study is consistent with previous findings. 20 Furthermore, Nafstad et al 15 have reported that age at day care entrance is a determinant for risk of otitis media, presumably due to increased exposure to other respiratory pathogens. 12 The relationship found in our study between the presence of siblings and an increased risk of acute otitis media is probably related to this phenomenon.
It has recently been suggested that the rising prevalence of recurrent otitis media in the United States is related to the use of day care and an increase in allergic conditions among children. 23 In our study, atopy was a determinant for all respiratory tract infections, although there continues to be controversy about the relationship of otitis media to atopic disease. Some studies report an increased incidence of otitis media in children with allergic rhinitis, while others do not confirm these findings. 4, 24 In our study, we found a 4-fold increase in the risk of chronic rhinitis with the presence of atopic disease and a weaker association with other upper respiratory tract infections, suggesting that rhinitis in the absence of common cold constitutes symptoms of atopy rather than those of infectious disease.
Finally, low birth weight was related to susceptibility to otitis media, as were fewer years of maternal education and the presence of maternal smoking. The latter findings suggest a relationship between sociodemographic factors and respiratory infectious disease, which was earlier found in younger children. 13 Most likely, imprecision in reporting health outcomes and exposure assessments masks an underlying effect of sociodemographic factors.
VALIDITY OF RESULTS
The study objective was to assess the frequency and determinants of upper respiratory morbidity in preschool children. Because of the cross-sectional questionnairebased design of the study, with simultaneous collection of outcome and retrospective exposure information from the parents, selection bias cannot be excluded. For instance, it is possible that the health of children enrolled in day care outside the home differs from that of those within the home. If the more healthy children are likely to be in day care centers, we may have underestimated the relationship between disease occurrence and care in these facilities. Furthermore, increased awareness and reporting of illness as a result of many dual career families' vocalizing their concerns for healthy children may have biased the reporting of all disease symptoms, overestimating, for example, the effect of atopic disease on the occurrence of upper respiratory tract infections. Finally, adjustment in logistic regression modeling was applied to eliminate potential confounding effects.
CONCLUSIONS
Upper respiratory tract infections are still common in children at age 4 years. An exception is chronic rhinitis, which is less prevalent and strongly related to atopic disease. The weak correlation between common cold and acute otitis media and tonsillopharyngitis supports the suggestion that antibiotics should not be prescribed for children with protracted common cold, unless there is significant evidence of bacterial complications such as otitis media, tonsillitis, or sinusitis. However, the association between otitis media and tonsillopharyngitis suggests that there are still some children at age 4 years who are predisposed to infections and probably have an increased need for antibiotic treatment.
